Abstract-Conventional street lighting systems in most of the areas are Online at regular intervals of time irrespective of the seasonal variations. The street lights are simply switched on at afternoon and turned off in the morning. The consequence is that a large amount of Power is wasted mean inglessly. As energy consumption is an issue of increasing interest, possible energy savings in public street lighting systems are recently discussed from d ifferent viewpoints. The purpose of this work is to describe the Smart Street Lighting system, an approach to accomp lish the demand for flexible public lighting systems using a Programmab le Logic controller (PLC). The main difference fro m other computers is that PLCs are armoured for severe conditions such as dust, mo isture, heat, cold etc., and have the facility for extensive input/output (I/O) arrangements. In the proposed paper, street lights are controlled using millenniu m 3 PLC taking the seasonal variations into consideration.
I. Introduction
Nowadays computer control and information system technology is applied widely in most of the p rocess industry, because it may produce significant technical and economic benefits. Process control information systems assist operating personnel in producing the required output of products with minimu m quality variations, least consumption of the raw material and energy, and maximu m efficiency. Centralization process control combined with increased mechanization has resulted in imp roved productivity [1] . Now a day's advanced control systems like PLCs are extensively used in the industries. Different control techniques have been proposed for street lighting controller during seasonal variation. It is common to use relays to make simp le logical control decisions. The relays allow power to be switched on and off without a mechanical switch. The development of low cost computer has brought the most recent revolution, the Programmable Logic Controller (PLC).With the advent of the PLC, it has become the most common choice for manufacturing controls. A PLC is a digital operating electronic apparatus which uses a programmable memo ry for internal storage of instruction for imp lementing specific function such as logic, sequencing, timing, counting and arith met ic to control through analog or digital input/output modules various types of machines or process. There are different types of PLC'S used for various applicat ions. In the present work, an XD 26 PLC is used to control the Street Lighting System. The paper is organized as follows:
Section II presents the basic concepts of PLC. Section III gives an idea on the operating modes of the controller. The power control circuit is given in Section IV, while the Hardware Setup is presented in Section V. Finally, results are given in Section VI.
II. Programmable Logic Controller
Programmab le Logic Controller is usually located in the field close to the processing unit. PLCs are small and operator interface may be s imple as button switch. In second generation PLC suppliers have added analog to digital conversion capability and provided sufficient logic to configure simple control loops [2] [3] . Presently there are at least two recognized PLC sizes: In addition to these 5, most PLCs also have:
Most PLCs have the ability to communicate with other devices.
These devices include co mputers running programming software, or collecting data about the manufacturing process, a terminal that lets an operator enter commands into the PLC, or I/O that is located in a remote location fro m the PLC. The PLC will co mmun icate to the other devices through a network interface.
Basic PLCs are available on a single printed circuit board .They are sometimes called single board PLCs or open frame PLCs. These are totally self -contained (with the exception of a power supply) and, when installed in a system, they are simply mounted inside a controls cabinet on threaded standoffs. Screw terminals on the printed circuit board allow for the connection of the input, output, and power supply wires.
These units are generally not expandable, mean ing that extra inputs, outputs, and memo ry cannot be added to the basic unit.
However, some of the mo re sophisticated models can be linked by cable to expansion boards that can provide ext ra I/ O. Therefo re, with few exceptions, when using this type of PLC, the system designer must take care to specify a unit that has enough inputs, outputs, and programming capability to handle both the present need of the system and any future modifications that may be required.
Single board PLCs are very inexpensive, easy to program, small, and consume little power, but, generally speaking, they do not have a large number of inputs and outputs, and have a somewhat limited instruction set. They are best suited to small, relat ively simple control applications.
PLCs are also availab le housed in a single case (sometimes referred to as a shoe box) with all input and output, power and control connection points located on the single unit. These are generally chosen according to available program memory and required nu mber and voltage of inputs and outputs to suit the application.
These systems generally have an expansion port (an interconnection socket) which will allow the addition of specialized units such as high speed counters and analog input and output units or additional discrete inputs or outputs. These expansion units are either plugged directly into the main case or connected to it with ribbon cable or other suitable cable.
PLCs were designed to eliminate the assembly line relays during model changeovers. The operation of PLC is easier than the relay panels. Th is feature reduces the installation and operational cost of the control system compared with the electromechanical relay systems [4] . PLC, highly reliable with a little maintenance, will communicate with the co mputer systems in the plant with a lo w investment cost. The basic block diagram of PLC system is as shown in Fig.1 . PLCs are typically chosen for small discrete applications where high level ruggedness and reliability is required. They offer high speed sequential and logical control capabilit ies and are very good control solutions for real time applications. A PLC retains its operating system, user programs, and some data in retentive (nonvolatile) memo ry.PLC has not only replaces the relay but has also extended the logic capabilities of the system.
Software Development
In the present work, an XD 26 PLC [5] is used to control the Street Lighting System. The nu mbering for the XD 26 PLC is given in such a way that as it is having sixteen Digital of wh ich six are analog inputs and ten discrete static relay outputs as shown in Fig.2 . The first two of the above mentioned languages are discussed below.
Ladder Language (LD):
The most popular language used to program a PLC is ladder logic. Ladder Language (LD) is a g raphic Language. It can be used to transcribe relay diagrams, and is suited to comb inational p rocessing. It provides basic graphic symbols: contacts, coils, and b locks. Specific calculat ions can be executed within the operation blocks.
Function Block Diagram Language (FBD):
FBD mode allows graphic programming based on the use of predefined function blocks. It offers a large range of basic functions: timer, counter, logic, etc
Smart Street lighting
Smart street lighting includes a total system with dimmable lu minaires, advanced lighting control solutions, communication systems and administrative tools [6] . The solution focuses on low energy consumption and high functional standard. It also, in most contexts, automat ically declines the maintenance costs for the operator in co mb ination with increased safety for the street user.
In most cases Smart street lighting in its practical design is similar to adaptive lighting [7] . Anyway the difference between the two descriptions is that adaptive lighting only describes the performance of the light on the road, while s mart street lighting also includes the more operational elements, back office software solutions and both energy and lab our cost saving potentials. Streets or roads equipped with such a solution will dynamically adapt the street lighting performance according to the actual needs for the given period/time of the road.
Typically it will lead to lowered lu men output from the lamp during good conditions, when low traffic volumes or low average speed appears in combination with non-foggy weather. Th is will also be the case if the surface is covered with snow.
Over the last years new technology has been developed and implemented in mu ltip le systems that can help to save even more energy.
Networking and automation technology allows for the adjustment of light levels to the exact need to keep the roads safe based on weather conditions, traffic density and other external factors. Telemanagement systems also account for significant savings in maintenance and increased safety because they instantly report failures in the system. LED lighting also has great potential to help save energy in outdoor lighting. However the technology is still in the development phase and there is relat ively very little experience with it at the mo ment. In this paper, taking all the above mentioned criterion into account, a PLC is proposed for the automatic street lighting control considering the seasonal variations. 
III. Operating Modes of the Controller
A PLC executes an initialization step when placed in run mode, then repeatedly executes a scan cycle sequence. The basic PLC scan cycle consists of three steps an input scan, a user program scan, an output scan. The total time for one co mplete program scan is a function of processor speed, I/O modules used, and length of user program. Typically, hundreds of complete scans can take place in 1 second.
There are several operating modes for the program to simu late and mon itor in the workspace. The various operating modes are listed below:  Edit Mode : Ed it mode is used to construct programs in FBD mode, wh ich corresponds to the development of the application.
 Simulati on Mode:
In simulat ion mode, the program is executed offline directly in the programming workshop .In this mode, each action on the chart (changing the state of an input, output forcing) updates the simulation windows.
 Monitori ng mode:
In Monitoring mode, the program is executed on the controller and, the programming workspace is connected to the controller.
PLC's programming is based on the logic demands of input devices and the programs imp lemented are predominantly logical rather than numerical computational algorith ms [15] . Most of the programmed operations work on a straightforward twostate on or off basis and these alternate possibilities correspond to true or false (logical form) and 1 or 0 (binary form),respectively. Thus, PLCs offer a flexib le programmab le alternative to electrical circuit relaybased control systems built using analog devices [16] .
The programming method used is the ladder diagram method. The PLC system provides a design environment in the form of software tools running on a host computer terminal wh ich allows ladder diagrams to be developed, verified, tested, and diagnosed [17] . First, the high-level program is written in ladder d iagrams. Then, the ladder diagram is converted into binary instruction codes so that they can be stored in randomaccess memory (RAM) or erasable programmable readonly memo ry (EPROM ). Each successive instruction is decoded and executed by the CPU [8] [9] .
The function of the CPU is to control the operation of memo ry and I/O devices and to process data according to the program. Each input and output connection point on a PLC has an address used to identify the I/O bit [18] . The method for the direct representation of data associated with the inputs, outputs, and memory is based on the fact that the PLC memory is organized into three regions: input image memo ry (I), output image memory (Q), and internal memory (M).
The PLC program uses a cyclic scan in the main program loop such that periodic checks are made to the input variables [19] . The program loop starts by scanning the inputs to the system and storing their states in fixed memo ry locations (input image memo ry I). The ladder program is then executed rung-by-rung.
Scanning the program and solving the logic of the various ladder rungs determine the output states. The updated output states are stored in fixed memo ry locations (output image memory Q) [20] .
The output values held in memory are then used to set and reset the physical outputs of the PLC simu ltaneously at the end of the program scan. For the given PLC, the time taken to comp lete one cycle or the scan time is 0, 18 ms/K (for 1000 steps) and with a maximu m program capacity of 1000 steps. The development system co mprises a host computer (PC) connected via an RS232 port to the target PLC [10] .
The host computer provides the software environment to perform file edit ing, storage, printing, and program operation monitoring. The process of developing the program to run on the PLC consists of: using an editor to draw the source ladder program, converting the source program to binary object code which will run on the PLC' s microprocessor and downloading the object code from the PC to the PLC system via the serial co mmunication port [11] [12] . The PLC system is online when it is in active control of the mach ine and monitors any data to check for correct operation.
In the present work, the program is developed in the Function Block Diagram Mode, since it has the components or the blocks which are pictorially understood and easy for verification.
IV. Power control Circuit
The Power control circuit diagram is shown in Fig.3 . It is clearly observed that the input given to the PLC is nothing but the timer inputs. Here the timer inputs refer to the time at wh ich the street lights should be made ON and OFF. Since we know that this XD 26 PLC gives an output of 24 V DC. As the output is connected to the 24 V DC Coil, and this Coil gets energized and the Line to Neutral contactor gets closed. When the contactor is closed a 230 V AC Supply flows through the auxiliary Contactor with 220 V A C Coil. As a result this auxiliary Contactor gets active and then the Street Lights are ON [13] [14] [15] .
 Simulation Procedure:
In this program the main co mponent used is the TIM ER PROG block, which contains weeks, months and years. It also consists of the Cycles i.e, the period for the execution of the program. 
V. Hardware Setup
The Street Lighting Controller is modelled and simu lated using Crouzet M illeniu m 3 PLC as shown in 
VI. Results
In the simu lation mode of the PLC, ON and OFF periods for the Street Lights are tested during summer seasons. The results obtained during simulat ion are shown in Fig.8 and Fig.9 .In summer season the lights will glow in late night and will switch OFF so early. Since in the winter season, the street lights should be switched on early when co mpared to the summer season, the required timings are set in the TIM ER PROG b lock.
The SIMULATION for the winter season has carried out and the ON and OFF times are verified as shown in Fig.10 and Fig. 11 respectively. 
VII. Conclusions
In this paper, an approach for controlling St reet Lighting system using millenniu m 3 PLC is proposed. The proposed controller gives fast, reliable, and power efficient street lamp switching based on seasonal variations. The simu lated results are also verified experimentally by using a light dependent resistor (LDR) which senses the light. LDR is used as the replacement for the seasonal variation. This paper confirms that the proposed PLC based street lighting control system has great potential to revolutionize street lighting which in turn saves large amount of power.
